INTRODUCTION 40 41
Fish by-products may contain valuable protein and lipid fractions as well as 42 vitamins and minerals highlighting the nutritional and health benefits attributed to fish 43 consumption. Currently, more than 33 million metric tones (23%) of world fish 44 production are destined for non-food uses (FAO, 2008) . In addition, the percentages of 45 processing by-products generated from commercial filleting of fish species such as cod, 46 tuna, and trout are even higher, ranging between 60 to 70% (Chen & Jaczynski, 2007) . It 47 is anticipated that these high levels of fish by-products are going to be increased during 48 next years as consequence of a raise in fish production in response to expected demand 49 growth for fisheries products (Delgado, Wada, Rosegrant, Meijer & Ahmed, 2003) . In 50 this context, there are major ongoing research addressed to improve the management of 51 these by-products in terms of searching new bioactive compounds and developing new 52 technologies that allow a more profitable utilization of this material (Rustad, 2003) . 
In gel-tryptic digestion and peptide extraction 161 162
Bands were excised manually from 1-D stained electrophoresis gels and subjected 163 to in-gel tryptic digestion according to Shevchenko, Wilm, Vorm & Mann (1996) with 164 minor modifications. The gel pieces were reduced with 30 L of 10 mM DTT at 56°C for 165 20 min, followed by an alkylation in 30 L of 50 mM iodoacetamide for 20 min at room 166 temperature in darkness. Then, bands were swollen in a digestion buffer containing 50 167 mM NH 4 HCO 3 and 12.5 ng/µL of trypsin (Roche Diagnostics, recombinant, proteomics 168 grade trypsin, Penzberg, Germany) in an ice bath. After 30 min the supernatant was 169 removed and discarded, 20 µL of 50 mM NH 4 HCO 3 were added to the gel piece and the 170 digestion allowed to proceed at 37 C overnight. After trypsinization, the supernatant was 171 transferred to an empty eppendorf tube and acidified with 0.1 % TFA. 172 columns consisting of 200 nL of POROS R2 + R3 material (PerSeptive Biosystems, 177 Framingham, MA) as described by Gobom, Nordhoff, Mirgorodskaya, Ekman, & 178 Roepstorff (1999) with some modifications. Columns were equilibrated with 0.1 % TFA 179 and the bound peptides subsequently eluted directly onto the MALDI target with 0.5 µL 180 CHCA solution (20 µg/µL in ACN, 0.1 % TFA, 70:30, vol/vol Despite the high heterogeneity of the starting material which includes tuna bones, skin, 212 muscle or internal organs, five major electrophoretic bands were visualized after 213
Coomassie staining. These five bands were observed at 1D SDS-PAGE within a 214 molecular weight of 6 and 200 kDa and were cut off for further identification. Three 215 proteins were successfully identified by combination of PMF and PFF analyses ( Table 1  216 and Supporting Information). 217 Band no. 3 was identified as ubiquitin, a small protein of 74 amino acids 218 abundantly present in all eukaryotes. It is highly conserved among eukaryotic species and 219 this protein differs only in three residues in yeast and animals (Sharp & Li, 1987) . Habu, 220
Ohishi, Mihara & Yanaihara (1994) indicated that the amino acid sequence of tuna 221 ubiquitin is identical to that of mammalian counterparts. The most prominent function of 222 ubiquitin is labeling proteins for proteasomal degradation. Many kinds of stress appear to 223 stimulate ubiquitin expression (Okubo et al., 2002) , including heat shock in hamster 224 (Fornace, Alamo, Hollander & Lamoreaux, 1989) , chicken (Bond & Schlesinger, 1985) 225 and yeast (Cheng, Watt & Piper, 1994) , as well as starvation and respiration stress also 226 reported in yeast (Cheng et al., 1994) . Thus, the identification of ubiquitin in by-productsfrom canning tuna is not surprising considering the large number of factors can influence 228 the up-regulation of ubiquitin genes. 229
Analysis of band no. 4, a predominant band present in the solution derived from 230 the second step of the fractionation method (Figure 1, lane 3) , revealed the unambiguous 231 presence of the -subunit of hemoglobin (Table 1) Figure 3B . The detected y n -type ions owing to the free carboxyl-280 terminus, as well as to the b n -type ions owing to the free amino terminus, were detected 281 and they are marked in red ( Figure 3B) . releasing glucose-1-phosphate as the reaction product. This enzyme has been reported to 309 be predominant in skeletal muscle of mammalians, among other tissues, in response to its 310 greater demand for specific glycogenolytic control. Furthermore, four enzymes directly 311 involved in glycolysis, and thus serving to breakdown glucose for energy and carbon 312 molecules, were also identified: triose-phosphate isomerase (band no. 19), 313 glyceraldehyde 3-phosphate dehydrogenase (band no. 17), -enolase (band no. 13) and 314 pyruvate kinase (bands no. 10 and 11). Interestingly, in addition to a long established 315 metabolic function, glyceraldehyde 3-phosphate dehydrogenase enzyme has also been 316 implicated in several non-metabolic processes, such as binding to actin and tropomyosin, 317 and thus, it might have a role in cytoskeleton assembly (Dugaiczyk, Haron, Stone,actin has been suggested to be a mechanism for compartmentation of the glycolytic 320 pathway (Waingeh, Gustafson, Kozliak, Lowe, Knull & Thomasson, 2006) . Additionally, 321 enolase has also been reported as an early marker of human myogenesis (Fougerousse et 322 al., 2001) , as well as it has been identified as an early oxidative protein in bonito muscle 323 (Kinoshita, Sato, Naitou, Ohashi, & Kumazawa, 2007) . The identified -isoform is the 324 predominant (~90%) form of enolase in skeletal muscle (Foucault, Vacer, Merkulova, 325 Keller & Abrio-Dupont, 1999). Lastly, the identification of pyruvate kinase in two 326 different bands (no. 10 and 11) of apparently similar electrophoretical mobility might be 327 indicative of the presence of at least two post-translationally modified forms, and/or as 328 consequence of a partial degradation. 329
Isocitrate dehydrogenase, an enzyme that participates in the Krebs cycle 330 catalyzing the oxidative decarboxylation of isocitrate to produce -ketoglutarate and CO 2 331 while converting NAD + to NADH, was detected in the band no. 12. Finally, the enzyme 332 muscle-type creatine kinase, previously matched within the myofibrillar fraction (band 333 no. 4 in Figure 2 , lane 3), was also identified in the sarcoplamisc fraction as the isomer 334 CKM2 (band no. 14 in have shown that a significant degree of metastable ion decay occurs after ion acceleration 362 and prior to detection. The ion fragments produced from the metastable ion decay of 363 peptides and proteins typically include both neutral molecule losses (such as water, 364 ammonia and portions of the amino acid side chains) and random cleavage at peptidebonds. The observance of these metastable ion decay products in MALDI mass spectra is 366 dependent on the TOF instrumental configuration. As it is indicated in Materials and 367
Methods section, our MALDI TOF spectrometer is equipped with a LIFT pusher/filter 368 that enhance post source decay (PSD) observance, simulating a real TOF/TOF device 369 (Suckau et al., 2003) . This is particularly important for protein identification in Thunnus 370 alalunga (Albacore) whose genome is not sequenced and, consequently, it is essential to 371 obtain protein sequences by tandem mass spectrometry allowing their identification by 372 matching with homologue proteins from different related fish species. Later on, protease digests of bonito muscle had ACE-inhibitory activity in 409 addition to a good taste (Yokoyama, Chiba & Yoshikawa, 1992) . These authors 410 demonstrated that the most potent ACE-inhibitory peptides were derived from actin,which has been identified in the band no. 4 of the myofibrillar fraction isolated from by-412 products of red muscle of fresh tuna (Figure 2, lane 3, Table 2 ). In fact, this mixture of 413 peptides derived from bonito actin has been proved to exert not only in vitro ACE 414 inhibitory activity but also in vivo antihypertensive activity after oral administration in 415 spontaneously hypertensive rats (Fujita, Yokoyama, Yasumoto & Yoshikawa, 1995) and 416 borderline hypertensive humans (Fujita, Yasumoto, Hasegawa & Ohshima, 1997) . 417
Consequently, it is commercially available following official approval as a "Food for 418
Specified Health Use" in Japan (Fujita, Yokoyama & Yoshikawa, 2000) . 419
Likewise, one peptide (DMIPAQK) derived from muscle-type creatine kinase 420 (Yokoyama et al., 1992) , protein identified in this work in both myofibrillar and 421 sarcoplasmic fractions from red muscle, and another heptapeptide (SVAKLEK) derived 422 from tropomyosin (Yamamoto, Ejiri & Mizuno, 2003) , which was also identified in by-423 products from canned tuna in addition to by-products from red muscle, also showed to 424 posses ACE-inhibitory activity. 425
On the other hand, the genus Thunnus comprises many species that differ in 426 commercial value depending on their organoleptic features and, consequently, these 427 species are often subjected to fraudulent substitution (Pepe, Ceruso, Carpentieri, starting from the amino acid terminal of the whole protein, the observed m/z, transformed 622 to its experimental mass (Mr(expt)), the calculated mass (Mr(calc)) from the matched IQLVEEELDR (56) KLVIIEGDLER (46) KYEEVAR (20) RIQLVEEELDR (20) LVIIEGDLER ( 
AGLDAGGQTALR ( 
